Map mashups, as a common way of presenting geospatial information on the Web, are generally created by spatially overlaying thematic information on top of various base maps. This simple overlay approach often raises geometric deficiencies due to geometric uncertainties in the data. This issue is particularly apparent in a multi-scale context because the thematic data seldom have synchronised level of detail with the base map. In this study, we propose, develop, implement and evaluate a relative positioning approach based on shared geometries and relative coordinates to synchronise geometric representations for map mashups through several scales. To realise the relative positioning between datasets, we adopt a Linked Data-based technical framework in which the data are organised according to ontologies that are designed based on the GeoSPARQL vocabulary. A prototype system is developed to demonstrate the feasibility and usability of the relative positioning approach. The results show that the approach synchronises and integrates the geometries of thematic data and the base map effectively, and the thematic data are automatically tailored for multi-scale visualisation. The proposed framework can be used as a new way of modelling geospatial data on the Web, with merits in terms of both data visualisation and querying.
Introduction
Map mashups, as a common way of presenting spatial information and the most popular mashups on the Web (Fichter 2009) , are generally created by spatially overlaying thematic information on top of various base maps (Moseme and Van Elzakker 2012) . However, most commonly, the thematic data have no explicit link to the base map, although there are often intrinsic connections between the features in thematic data and the base map. For example, in a postcode area thematic map, the boundaries of the postcode areas often coincide with e.g. the road, river and administrative border features represented in the base map. This simple overlay approach often raises geometric inconsistencies between thematic data and the base map due to geometric uncertainties in the data. This problem is particularly apparent in a multi-scale context, as the thematic data seldom have synchronised level of detail with the base map. The CONTACT Lars Harrie lars.harrie@nateko.lu.se; Weiming Huang weiming.huang@nateko.lu.se level of detail synchronisation of geospatial data from several data sources implies that the data providers of the thematic information and the base map have to follow an agreement in terms of map generalisation rules. However, such cross-organisational agreements can be hardly realised in practice. Alternatively, the synchronisation of level of detail can be realised by a relative positioning approach, that is, modelling the geometries of thematic data (partly) by their relations with geometries of the features in the base map. Essentially, this type of relative positioning pertains multiscale data integration and the sharing of geometric elements between features. This technique is sometimes used within a single geospatial dataset where instances in the feature level can share elements in the geometry level. This type of sharing geometric elements is, however, uncommon between datasets. The relative positioning is common in other spatial data domains, such as Building Information Modelling (BIM). Generally, the geometries in BIM models are constructed using parametric modelling where the locations of the geometric objects are defined relative to each other (see e.g. Eastman et al. 2011) . This is an intuitive approach for buildings because they have a well-defined hierarchical structure (a building contains floors, each floor contains rooms, etc.). However, the relative positioning could also be exploited in geospatial applications, in particular for geospatial data integration. In this study, we explore two types of relative positioning: sharing geometries between thematic data and the base map; and relative coordinates used when there is no correspondence relation between thematic data and the base map.
The definition, realisation and use of relative positioning for geospatial data are nontrivial because geographic features generally do not have a well-defined hierarchical structure. The emerging Semantic Web technology stack, particularly the part concerning Linked Data, provides a promising technical framework that can be used to establish explicit links between thematic data and the base maps to enable geometrically selfadapting (synchronised) thematic maps. A prerequisite of this is that it is envisioned that the base map in different scales would be available as Linked Data, then thematic data could be created by linking to base map data using the Linked Data paradigm.
This article proposes, implements and evaluates a relative positioning approach using Linked Data technologies for the purpose of synchronising geometric representations in map mashups. Following the introduction section, Section 2 provides a brief overview of previous relevant studies on geometry synchronisation and Linked Data. In Section 3, a case study on the use of relative positioning for creating geometrically synchronised map mashups is described. Finally, the paper ends with a discussion and conclusions.
Previous studies

Synchronisation of geometric representations in map mashups
There are several techniques proposed for creating map mashups in a multi-scale context. Most of those studies have concentrated on thematic point data; see Korpi and Ahonen-Rainio (2013) for an overview. One example is Bereuter and Weibel (2013) , who proposed a quad-tree based method for real-time generalisation supporting progressive levels of detail in the zooming process. The thematic features in most of these studies only have loose connections with the base maps; therefore, the synchronisation and integration of the geometric representations of the thematic features and the base maps through scales were not a significant problem. The synchronisation problem was encountered by Stern and Sester (2013) when they studied map mashups of natural protected areas on top of a base map, where the protected areas often have common geometry elements with the base map. To overcome the problem of the inconsistencies in the multi-scale representation, they argued that the base map should act as constraints for generalising the thematic data. Furthermore, Toomanian et al. (2013) defined the semantic relations between feature types in the thematic data and the base map in the map mashups using ontologies. These semantic relationships together with map matching were then used to enable real-time adjustment of the thematic features to the base map. However, their study concentrated on the integration between thematic data and a single-scale base map, not applying a multi-scale context.
Linked Data
'Linked Data' is a term for the collection of design principles and technologies centred around a paradigm to publish, retrieve, reuse, and integrate data on the Web (Kuhn et al. 2014) . Linked Data are encoded as Resource Description Framework (RDF) in triples, where a triple is composed of a subject, a predicate and an object; to express these triples, the World Wide Web Consortium (W3C) has adopted several serialisation syntaxes. The applications of Linked Data have developed considerably in geospatial domain in recent years because of its significant advantage in terms of data integration and it fosters a promising approach to connect spatial data infrastructures with the mainstream IT to augment the application of geospatial data (Schade and Smits 2012) .
Linked Data are usually built upon defined ontologies as vocabularies for organising data. Ontologies are agreements about shared conceptualisations in corresponding domains (Fonseca et al. 2006) and play an important role in terms of knowledge sharing. They are formally described in ontology languages, e.g. Web Ontology Language (OWL) 1 . In recent years, ontology design has become popular for formalisation of geospatial concepts on different aspects. For example, Carral et al. (2013) designed an ontology for cartographic map scaling, which formalised the scale information on the dataset level. Ontologies can reduce costs and improve the accuracy of integration by making the semantic differences of geospatial data explicit (Hart and Dolbear 2013) . As a result, they have been used for facilitating the representation and integration of geospatial data in a number of studies (e.g. Couclelis 2010 , Farnaghi and Mansourian 2013 , Hong and Kuo 2015 .
Some techniques within the framework of Linked Data have been extended in order to improve the handling of geospatial Linked Data. SPARQL, the query protocol for RDF, has a standardised geospatial extension -GeoSPARQL (Perry and Herring 2012) . GeoSPARQL defines an ontology to provide a common representation model and a standardised exchange basis for geospatial Linked Data. And it also provides a number of SPARQL query predicates and functions to facilitate the queries using geometric and topological relations between geospatial entities (Battle and Kolas 2012 (INSPIRE 2014) . Ordnance Survey (OS), the national mapping agency (NMA) of the UK, has a set of organisationspecific IDs for each geographic feature, and the OS reused them when creating URIs for their geospatial Linked Data sets (Goodwin et al. 2008; Ordnance Survey 2016 The National Map and converted certain datasets to RDF so that these data can be downloaded and queried as Linked Data (Usery and Varanka 2012) . Patroumpas et al. (2015) exposed the INSPIRE-compliant data and metadata as Linked Data by transforming them into RDF using XSLT transformations and then exposing them through (Geo) SPARQL endpoints. Hietanen et al. (2016) implemented a prototype service to provide geospatial data as Linked Data, and they employed the GeoSPARQL vocabulary; the data were first retrieved in Geography Markup Language (GML), and subsequently transformed to RDF on-the-fly. These studies brought a number of geospatial datasets which are capable of serving as base maps in map mashups into Linked Data, and it is envisioned that more geospatial datasets will become parts of the Linking Open Data cloud (Abele et al. 2017) .
Case study
In this case study, in order to synchronise the geometric representations of thematic data and the base map through different scales, we explore the use of relative positioning for creating, storing and visualising thematic data. We have chosen to work with the feature type natural protected areas because the objects of this type often have intrinsic connections with the features in the base map (denoted background features hereinafter). Specifically, the extents of natural protected areas are commonly defined by background features such as lakes, rivers, roads, and cadastral or other administrative units. For instance, in Figure 1 , a part of the boundary of Sillmansåsen is defined by a lane as a background feature. However, their geometries are not synchronised at this part, and as the visualisation scale of the map mashup changes from (a) to (b) (1: 4,000 to 1: 8,000) through a zoom out operation, the changes of the corresponding geometries are also unsynchronised, which is likely to cause geometric conflicts or other types of visualisation deficiencies. A diagram of our prototype system architecture is shown in Figure 2 . The base map is a multiple representation database (MRDB, see e.g. Jones et al. 1996) , i.e. there are links between the features in different levels of detail that represent same physical entities. In this study, the base map is accessible through a Web Map Service (WMS), a SPARQL endpoint (for the base map in Linked Data) and a download service (in shapefile). The thematic data provider can download the base map to serve as context data and then use a specific editing tool for generating thematic data using the relative positioning approach. The created thematic data are released in RDF through a SPARQL endpoint.
A real-time process serves the end users with the map mashups. In this real-time process, the geometrically synchronised thematic data are constructed and added on top of a base map, where the base map is provided by a WMS service for efficiency reasons. Since the geometries of the thematic data are defined relative to the base map, the geometric representations of thematic data and the base map are automatically synchronised in all scales.
Geometric representation using relative positioning
The relative positioning is implemented based on shared geometries and relative coordinates. Specifically, we decompose the geometry of each thematic feature into a set of geometric components; some of these components (denoted as matched components hereinafter) are defined by background features, and others (denoted as independent components hereinafter) do not have any counterpart in the base map (cf. Figure 6 ). For matched components, the relations of correspondence are stored. For independent components, the geometries are stored using relative coordinates for adapting to the displacements of their contiguous matched components. When a thematic feature needs to be geometrically represented, the geometry is assembled by combining its components, and the assembled thematic features inherit the coordinate system from the base map. The assembled thematic features share geometric elements with the base map at the matched components, and the integration and synchronisation through scales in map mashups are thereby enabled.
In order to locate the matched components, the starting and ending points of each matched component are necessary. The starting and ending points define the part of the background feature used for assembling the thematic data geometry at a later stage; they are created in the most detailed scale, thus they can only be approximate values for other scales because the geometries of the background features vary in different scales. When a thematic feature needs to be generated, its matched components need to be fetched by splitting the respective background features using the nearest points of the starting and ending points in the scale that the thematic feature will be represented. In addition, for closed geometries, we utilise a stored indicator of the direction of the matched component. The geometries of a background feature in some scales, especially coarser scales, are possibly not available; in this case, the geometry of the matched component is fetched from the closest scale where a geometry is available.
The independent components, however, are located in a different way. In principle, the previous and next components of each independent component are matched ones, thereby an independent component needs to be adjusted to the displacement of its contiguous matched components as the hosting background features displace during the change of visualisation scale. Therefore, we use relative coordinates in a local coordinate system in which the origin is the last vertex of the previous matched component to store the location of each independent component. This ensures that the head end of its geometry remains at the same position relative to the rear end of its previous matched component. During the feature assembly, linear scaling is applied to coordinates separately in the X-and Y-directions of each vertex to adjust the rear end of the independent component to the displacement of the head end of its next matched component, and the coordinates are then transformed back to absolute coordinates. For a feature that is entirely independent (i.e. contains no matched components), the location of the first vertex is stored in absolute coordinates. In short, relative coordinates are used for the independent components (instead of absolute coordinates) for avoiding potential geometric deficiencies due to the displacement of the contiguous matched components in coarser scales.
In this study, we work with the assumption that the spatial extents of the natural protected areas have formal definitions and the features will be defined accordingly using relative positioning. The matched components coincide with the corresponding parts of the background features; whereas in reality, it is also possible that a part of boundary of a thematic feature is defined as 'some metres away from a background feature', and in that case the overall workflow is generally the same except more semantic information needs to be stored and extra geometric operations are needed during the feature assembly phase.
Ontology design
For the ontology design, there are two major types of design patterns: logical patterns and content patterns (Hu et al. 2013) . This paper adopts the content pattern to address the design of classes and properties for the formalisation of spatial concepts and relations in the relative positioning approach, and facilitating the data retrieval for the purpose of synchronising and integrating geometric representations in map mashups. We conceptualise the ontology design pattern using competency questions (Gruninger and Fox 1994) Based on the competency questions, the base map ontology and the thematic data ontology are designed as OWL ontologies, and both are based on the GeoSPARQL ontology. Below we use the prefix geo to represent the namespace of the GeoSPARQL ontology 6 , and the prefix sf to represent the namespace of simple feature geometries in GeoSPARQL ontology 7 . The GeoSPARQL ontology is selected because it provides general concepts for geospatial data, and the data can then be shared more readily with other geospatial datasets in RDF following the same standard. Figure 3 shows the key concepts within the designed ontologies and their connections with each other and with the GeoSPARQL ontology. For the base map ontology, a class Background_Feature is created as a subclass of geo:Feature, and each instance of this Background_Feature is connected to one or more sf:Geometry instance(s) using the object property geo:hasGeometry. Furthermore, to serve the competence question 4, we introduce a class Scale and two datatype properties hasUpperBound and hasLowerBound to model the scales; the concept scale in this study refers to the visualisation (rendering) ranges of the geometries adopted in the multi-scale base map (the map served from Lantmäteriet's WMS in this study, cf. Figure 2 ). Each Geometry instance is then associated with a Scale instance through an object property hasScale to indicate the scale range of its visualisation. The coordinates are stored in literal Well-Known Text (WKT), and the literals are associated with corresponding geometry instances through the geo:AsWKT property. For the thematic data ontology, a class Thematic_Feature is created as a subclass of geo:Feature. We also create a sibling class of Thematic_Feature -Thematic_Component and its two subclasses Matched_Component and Independent_Component. Five object properties are defined: hasComponent is used for connecting a thematic feature with its components, isPartOf is used for connecting a matched component with its hosting background feature, startsAt is used for connecting a matched component with the point where it starts, endsAt is used for connecting a matched component with the point where it ends, and hasOrigin is used for connecting an independent component with the origin (in absolute coordinates) of its relative coordinates. A datatype property verticesOrder is defined for indicating the direction of a given component that is matched to a closed geometry. Another datatype property componentOrder is defined to indicate in which order these components should be assembled. For the situations in which some of the components are used to compose interior rings, a datatype property innerRingNo is defined for distinguishing their corresponding interior rings.
Implementation
The implementation is released under a GPL license and distributed through GitHub (https:// github.com/RightBank/Relative-positioning-implementation/). For licensing reasons, we are not allowed to add the geospatial data used for this case study to GitHub. The description of the implementation below is structured according to the numbers given in Figure 2. (1) MRDB publishing The MRDB as Linked Data was published based on the base map ontology (Figure 3 ) that was created in the open-source ontology editor Protégé 8 . Protégé enabled us to graphically view relations that existed between classes or properties in ontologies and manually add the necessary axioms and restrictions. In our study, the MRDB was stored in shapefiles and we developed a Python script to convert it to RDF according to the base map ontology. This convertor was developed using GDAL 2.1.3 9 and RDFLib 4.2.1 10 , in which GDAL was used for reading geospatial data from shapefiles, and RDFLib was used for writing geospatial data into RDF; the created RDF triples were then added to the triple store Stardog.
(2) Creation of thematic data The thematic data ontology was created in the same way as the base map ontology. An ArcGIS Python add-in tool using Arcpy 11 was developed to act as a digitalisation tool that enables users to create thematic data using relative positioning (for details, see Xu 2017) . In this case, natural protected areas were created fully/partially relying on the base map. During the creation of thematic data, for the matched components, the user needs to specify the hosting background features, starting and ending points, etc. according to the thematic data ontology; for the independent components, the user needs to digitise them manually, then the relative coordinates are generated by the tool. A snap functionality ensures that the starting point of next component coincides exactly with the ending point of the previous component. The created thematic features were finally exported to Stardog as RDF following the thematic data ontology.
(3) Retrieval and generation of thematic data
The process of generating thematic features, in particular their geometries, was implemented in a Python backend server. The free and open source Web framework Django 12 was employed. The Python server sends HTTP requests wrapping SPARQL queries to the SPARQL endpoints provided by Stardog to retrieve data in real-time. GDAL was used in the Python server for parsing WKT and conducting necessary spatial operations. The thematic data are wrapped into GeoJSON 13 objects and sent to the client side as the server receives certain HTTP requests.
(4) Client application A client application was developed to enable users to explore the web map using relative positioning. The client side was implemented in HTML and JavaScript. For the retrieval of thematic features from server side, AJAX calls (wrapping the current rendering scale and other parameters) are used to fetch GeoJSON objects that are then processed by a callback function. In order to obtain the current rendering scale, the standardised rendering pixel size is defined to be 0.28 mm×0.28 mm, unless the information of actual pixel size of the final display device is available. The base map was retrieved through the WMS service provided by Lantmäteriet. The JavaScript library Leaflet 14 was used to handle the GeoJSON objects and visualise the features contained in them, and to connect to the WMS server and visualise the base map. Figure 4 shows the test area used in this case study. This area is in Västernorrland County, Sweden, and it contains six natural protected areas (including Sillmansåsen in Figure 1 ). Its area is approximately 436 km 2 .
Study area and data
Base map -multiple representation database The original base map includes independent topographic and cadastral datasets in several scales that use absolute coordinates to locate each geographic object. From these datasets, we manually created an MRDB (even though automatic methods do exist, see e.g. Harrie and Hellström 1999, Bobzien et al. 2008) . Note that we created links between geometries in different scales only for the background features (by introducing URIs on feature level) that are of concern in this case study, i.e. the background features that have connections to the thematic features. We use file repositories (shapefiles) to serve as the created MRDB. The geometric representations of the topographic features in the base map vary as the scale changes. For example, as demonstrated in Figure 5 , the geometric representation of a part of a river Granån in this test area in the most detailed scale is a polygon, and it changes to a combination of three polylines and two polygons as the map zooms out to the next two coarser levels of detail, and finally it becomes a single polyline in the least detailed scale. The issue here is to define what we mean by a feature to enable linkage through scales. Our approach is to define and assign a URI to each feature in the most detailed level. The reason for this is that we always link the thematic features to the base map in the most detailed scale. As the base map is zoomed to less detailed scales, the corresponding matched components of the thematic features change synchronously. An implication of this is that the definition of each feature should be consistent in all scales; for example, in Figure 5 , all parts of the given feature (a river) are treated as one single feature in all scales (i.e. the feature has the same URI in different scales).
Listing 1 partially shows how the information in MRDB corresponding to Figure 5 is released in RDF. In this example, when the scale is larger than 1: 10,000, this feature has one geometry (a polygon instance) as its geometric representation; in scale ranges 1: 10,000 to 1: 50,000 and 1: 50,000 to 1: 100,000, this feature has a geometry collection (three line string instances and two polygon instances) as its geometric representation; and in the scale range of 1: 100,000 to 1: 250,000, its geometric representation returns to one single geometry (a line string instance).
Thematic data
The thematic data were generated by the aforementioned digitalisation tool (2 in Figure 2 ). Listing 2 is an RDF representation snippet of the created thematic data. In this case, a thematic feature has two components: the first component is an instance of the Matched_Component class, and it is defined by a part of a background feature and has a starting point and an ending point; the second component is an instance of the Independent_Component class, thus its geometry is digitalised and stored as WKT.
Evaluation
The approach was evaluated in the environment that both the client and server were running on the same machine. The experimental computer contains an Intel Core i7-6600U CPU at 2.6GHz, 16GB of memory and a solid-state drive (SSD), running a 64-bit Windows 10 operating system with Python 2.7.8. As a performance test, we generated the six natural protected areas simultaneously in different scales for more than 1,000 times. The generation took 0.45 s in average; the generations in coarse scales took slightly less time than those in detailed scales. To manifest the visual improvement by our method, comparatively to using independent thematic data, we utilised the natural protected areas in the original datasets (cf. Figure 4) : these features are referred as reference features below. The geometries of the reference features are defined using absolute coordinates and not linked to the base map. Listing 2 : RDF Turtle representation snippet of thematic data. Figure 6 shows each generated thematic feature overlaying the base map, as well as the reference natural protected areas. The composition of the geometry of each thematic feature is listed in Table 1 . These illustrations demonstrate that all the geometries of natural protected areas as thematic features are assembled and the scales between thematic data and the base map are synchronised successfully. Also, all the dependency relationships are visually available on the mashup, e.g. in thematic feature a, the upper boundary of its geometry exactly fits a road that is a background feature, whereas this matching information is omitted from the geometry of this natural protected area defined by absolute coordinates because of inconsistence in the multi-scale database. Figure 6 (e) shows that an interior ring is also successfully assembled. Figure 7 shows the thematic feature b (Sillmansåsen in Figure 1 ) and enlarged views of the left-bottom of this thematic feature in different rendering scales to help to identify the differences between the generated feature and reference feature in difference scales. It demonstrates that although the thematic feature is only created in the most detailed scale, its dependency relations with multi-scale background features enable it to have multiple representations and to be consistent with the background features, e.g. unlike the reference feature, the generated thematic feature's geometry is synchronised with the corresponding part of the river feature in the base map in all scales. To further evaluate the visual improvement of our approach in different scales, we leveraged Hausdorff distance (HD) to estimate the deviations between the geometries of the reference features and their corresponding background features in different scales. The HD values in the four scales are 4.0, 45, 30 and 65 m (from the most detailed to coarser scale levels). The HD values show that the deviations, in general, increase in coarser levels of detail, while the geometries generated by relative positioning approach have no deviation with the base map in any scale because they are generalised in conjunction with the base map.
Discussion
The realisation of the relative positioning approach in this paper utilises three distribution forms of the underlying multi-scale base map data: WMS as a view service to serve the rendered base map; shapefile from a download service to serve as context during the thematic data creation; Linked Data through a SPARQL endpoint to enable the realtime generation of relatively positioned thematic data. Driven by legislation and the open data movement, the multiple distributions of geospatial data are becoming increasingly likely. In Europe, the INSPIRE directive has mandated its member states to provide the view and download services of environmental geospatial data, and it is also investigating the solutions and potential benefits of releasing data as Linked Data in the ARE3NA , and some other NMAs are planning or discussing whether the multi-scale geospatial datasets should be released as LOD. In this context, this paper provides a use case of the multi-scale LOD, which can be a strong argument to justify the value of releasing multi-scale base maps as LOD.
In the realm of Volunteered Geographic Information (VGI), OSM data are provided through view services, download services and Linked Data (from the LinkedGeoData project). From this perspective, OSM is suitable to act as a base map to enable the creation of thematic data using our approach, then the created thematic data would have synchronised geometries with the matched features in OSM. This will be useful when creating OSM-based thematic map to have better visualisation performance.
Whereas OSM is not a real multi-scale base map, the geometries of thematic features will generally not be automatically generalised but only be synchronised with the matched features in the base map. On the other hand, VGI can also benefit from the relative positioning through the practice of creating VGI data by linking them to authoritative data, then the highly demanded integration between VGI and authority data can be eased; and given that most VGI data are only produced in one single scale, this is also a way of putting VGI into a multi-scale context.
The focus of this study has been the use of relative positioning and a Linked Databased technical framework to solve a long-standing visualisation issue in web maps. There are also alternatives to accomplish this goal, e.g. real-time data integration after map matching or real-time generalisation using background features as constraints (cf. Section 2.1). In contrast to these alternatives, our Linked Data-based approach has three advantages: (1) if the geometries in the base map have been updated, the updates can be propagated to the thematic data automatically (persistent URIs are a key to accomplish this, and some NMAs are endeavouring to achieve this goal); (2) if the thematic data need to be visualised in another context (using another base map than the one the thematic data linked to), then the geometries can also be synchronised in a different context (links between the different base map's Linked Data sets or common URIs are crucial for this case, and this is increasingly likely thanks to efforts from the (Geo) Semantic Web community); and (3) our approach reduces the need of computation for feature matching and generalisation in real-time. These three advantages suggest that our approach is promising to enable genuine real-time self-adapting thematic maps. Nonetheless, we could also integrate others' methods to further improve our methodology. For example, when the thematic data have been already produced in absolute coordinates, the semantically enriched map matching (proposed by Toomanian et al. 2013 ) could be used for transforming the thematic data into the data model of our approach.
There are still some issues of relative positioning that should be noted. First, the time efficiency would be one barrier if a large number of features need to be generated simultaneously in real-time. In this case, some caching strategies need to be adopted, and the parallel computation techniques can also be employed to accelerate the feature generation process. Second, this approach requires new routines for the thematic data provides and others that are utilising the base maps for positioning their own data. From a technical point of view, new tools are required, but the main obstacle here is likely to be the change of the traditions of how new geospatial data are produced and positioned. Third, the reliability of the base map needs to be checked before adopting relative positioning. If you start to position your data relative to the base map, you should better be convinced that the organisation providing the base map (most commonly an NMA) has released high quality and up-to-date data, and they would continue to do so. Furthermore, all actors involved in the same mapping project should better agree to use the same base map for thematic data creation. This issue is related to the concept of trust in the Semantic Web domain. Carroll et al. (2005) argued that Linked Data are trusted depending on: their content, metadata of the Linked Data, and the task the user is performing. To improve the reliability of geospatial Linked Data, Yuan et al. (2013) proposed a method to publish geospatial data provenance by analysing how a geospatial metadata catalogue service can be published using Linked Data. This approach can also be used for Linked Data sets of different base maps to facilitate the thematic data creators' judgement. In short, we believe that the crucial point is that the providers of the base maps should better be trustworthy organisations with a long-term commitment to maintaining their datasets. Fourth, when the thematic data and the base map are not in the same coordinate system, we need coordinate transformation for the starting and ending points of the matched components, and the geometries of the independent components. However, this type of transformation is nothing new, it is also required if the thematic data are simply overlaid on the base maps.
Apart from visualisation, the relative positioning approach, particularly in the Linked Data context, can also be used for many kinds of data querying. The querying capability of Linked Data has gained much attention especially from the geospatial semantics community as the Linked Data paradigm can facilitate the discovery of geospatial data and knowledge. For example, Scheider et al. (2014) formally encoded historic map content in Linked Data, and a number of questions about the map metadata and map content were then formulated into SPARQL queries. With our approach, we could also formulate various questions towards the formally encoded spatial relations between thematic and background features in SPARQL and retrieve the answers with low computational cost, for instances:
(1) Which feature type is most involved in the definition of the natural protected areas? (2) Which national protected areas coincide completely with a single cadastral unit?
Conclusions
This article addresses a long-standing visualisation issue within map mashups, namely the geometric representations between the thematic data and the base maps are usually unsynchronised, particularly in a multi-scale context. In order to solve this problem, this study proposes a methodology that uses relative positioning instead of traditional absolute coordinates to locate geospatial data. Using relative positioning, geospatial features are located relative to background features by e.g. shared geometries. In this study, the relative positioning is implemented using Linked Data technologies, and a use case in a map mashup is designed, implemented and evaluated. The use of relative positioning in map mashups indicates that the relatively positioned geospatial features are naturally integrated and synchronised with the multiple representation background data, i.e. the thematic data automatically obtain synchronised multiple scale representations, which is a prerequisite for proper visualisation. Therefore, the relatively positioned geospatial features avoid substantial visual deficiencies.
Notes
